21 Increasing evidence supports the importance of the breast milk microbiome in seeding the infant 22 gut. However, the origin of bacteria in milk and the process of milk microbe-mediated seeding of 23 infant intestine need further elucidation. Presumed sources of bacteria in milk include locations 24 of mother-infant and mother-environment interactions. We investigate the role of mother-infant 25 interaction on breast milk microbes. Shotgun metagenomics and 16S rRNA gene sequencing 26 identified milk microbes of mother-infant pairs in breastfed infants and in infants that have never 27 latched. Although breast milk has low overall biomass, milk microbes play an important role in 28 seeding the infant gut. Breast milk bacteria were largely comprised of Staphylococcus, 29 Streptococcus, Acinetobacter, and Enterobacter primarily derived from maternal areolar skin and 30 infant oral sites in breastfeeding pairs. This suggests that the process of breastfeeding is a 31 potentially important mechanism for propagation of breast milk microbes through retrograde flux 32 via infant oral and areolar skin contact. In one infant delivered via Caesarian section, a distinct 33 strain of Bifidobacteria breve was identified in maternal rectum, breast milk and the infant's 34 stool potentially suggesting direct transmission. This may support the existence of microbial 35 translocation of this anaerobic bacteria via the enteromammary pathway in humans, where 36 maternal bacteria translocate across the maternal gut and are transferred to the mammary glands.
4 62 proves to exists in humans, this suggests that modulation of maternal gut flora may directly 63 impact infant health(15). While murine and bovine studies indicate that bacteria enter milk from 64 an enteromammary pathway, this is challenging to prove in humans as it is complicated by 65 potential seeding of the infant during vaginal delivery. 66 67 Disentangling the contributions of potential sources of bacteria in breast milk is difficult. We 68 sought to assess breastfeeding and potential retrograde flow of bacteria from the infant's oral 69 cavity by performing 16S rRNA gene sequencing on samples from two groups of mother-infant 70 pairs, one in which infants latched onto their mother's breast and a second group of infants that 71 never latched. Furthermore, we investigate the potential role of an enteromammary pathway to 72 the human milk microbiome by performing shotgun metagenomic sequencing in an infant born 73 via Caesarian section. We found that the process of breastfeeding is a potentially important 74 mechanism for propagation of breast milk microbes through retrograde flux via infant oral and 75 areolar skin contact. Our data also implicates a connection between Bifidobacteria breve in 76 maternal gut and breast milk suggesting that intestinally-derived bacteria may translocate to the 77 mammary gland and colonize the infant intestine. 
138
139 Fifteen mother-infant pairs where the infant latched during breastfeeding and 5 mother-infant 140 pairs whose mothers expressed breast milk but the infants did not latch for medical reasons were 141 included (Table 1) . Maternal age and length of pregnancy were similar between the two groups. 142 However, more mother-infant pairs in the latched group were delivered vaginally (53%) whereas 143 the majority (80%) of the non-latched group underwent a non-elective Cesarean section. More of 8 144 these never-latched infants (40%) and mothers (80%) received antibiotics than their latched 145 counterparts. 146 147 Table 1 . Clinical characteristics of mothers and their infants (n=20 mother-infant pairs). 
Demographics of mother-infant pairs

